Objectives: To assess the impact of fixed orthodontic treatment on oral health related quality of life (OHRQoL) and self-esteem in adults. Subjects and methods: A prospective study design was applied, within private practice. Sample size estimation revealed a minimum of 52 subjects, allowing for drop outs. All participants completed a set of validated questionnaires at baseline (T0), 1-(T1), 3-(T2), and 6-months (T3) and post-treatment (T4). These included the Rosenberg Self-esteem scale, the Oral Health Impact Profile (OHIP-14) and a socioeconomic status questionnaire. The Dental Health Component of the Index of Orthodontic Treatment Need (IOTN) was used to assess malocclusion severity. Results: Sixty-one subjects were recruited, with only one subject lost to follow-up. A statistically significant difference in OHRQoL scores was seen between: T0 and T1 (P = 0.001); T0 and T2 (P = 0.020). There was no statistical difference between T0 and T3 (P = 0.078) or T4 (P = 0.565), where OHRQoL improved to pre-treatment scores. A significant difference in self-esteem scores was observed between baseline and end of treatment (P = 0.002). Conclusions: Undergoing fixed orthodontic therapy had a negative impact on the overall OHRQoL, during the first 3 months of treatment, which then improved to pre-treatment scores, whilst a significant increase was observed in self-esteem as a result of treatment.
Introduction
Patient-centred care is a concept that has been introduced recently in healthcare systems. Among the main elements are a need to understand the patient's treatment needs, experiences, satisfaction and the perceived overall quality of healthcare system (1) . With an increasing number of adult patients now seeking orthodontic treatment, there is a growing need for such research in orthodontics. To date, very little work has been published evaluating patient experiences during treatment in relation to the type of appliance being received.
Malocclusion is often conspicuous, so it might lead to adverse social reactions and a deficient self-concept. Correction of the malocclusion has been shown to improve body image of dental and facial features (2) . In addition, because social and psychological effects are the key motives for seeking orthodontic treatment, oral health related quality of life (OHRQoL) can be considered a useful supplementary measurement for orthodontic treatment need and outcome (3) . The concept of 'OHRQoL' has been defined as either 'a standard of health of oral and related tissues which enables an individual to eat, speak and socialize without active disease, discomfort, or embarrassment' (4) or 'the absence of negative impacts of oral conditions on social life and a positive sense of dentofacial self-confidence' (5) .
The term self-esteem is used to describe a person's overall sense of self-worth or personal value. Self-esteem can involve a variety of beliefs about the self, such as the appraisal of one's own appearance, beliefs, emotions, and behaviours. There has been a growing acceptance of the positive relationship between improvement in aesthetics and psychological profile. Studies with longitudinal prospective designs have been performed on patients undergoing orthognathic surgery, which suggest an improvement in self-esteem, body image, and ability to mix socially, secondary to facial surgery (6) 
Advance Access publication 11 September 2014 psychological benefit following orthognathic surgery is expected due to the fact that orthognathic surgery is typically planned to improve facial profile and appearance. However, very little research has been undertaken to investigate changes in OHRQoL and self-esteem in adults undergoing orthodontic treatment alone in the absence of a severe skeletal discrepancy. It is important to take into account what patients will experience during orthodontic treatment to provide insight into the true benefits and health gains associated with orthodontic therapy.
In a recent cross-sectional study, Palomares et al. (7) compared the OHRQoL of young Brazilian adults, aged 18-30 years, who had completed orthodontic treatment to untreated subjects waiting for treatment. One hundred patients in the retention phase of orthodontic treatment for more than 6 months (treated group) and 100 subjects who were seeking orthodontic treatment and were still on a waiting list (non-treated group) were compared using the Brazilian version of the OHIP-14 and Index of Orthodontic Treatment Need (IOTN) (8) .
The results found that non-treated young adults had mean Oral Health Impact Profile (OHIP) scores 5.3 times higher than the treated subjects. The authors concluded that young Brazilian adults who received orthodontic treatment had significantly better OHRQoL scores in the retention phase, after treatment completion, than non-treated subjects. This study was cross-sectional, compared the OHRQoL at the end of treatment only with no pre-treatment score, which could have affected the results. The study did not evaluate self-esteem. Earlier research has predominately focused on the pain and discomfort experiences of patients in relation to labial fixed appliances. These studies have evaluated only the short-term (0-14 days) effects and demonstrate pain commences 2 h after placement of the appliance, peaks at 24 h, with discomfort dissipating over the next 5-7 days (9-11).
Thus, despite the increased uptake of adult orthodontics, currently there is little evidence to evaluate the impact of fixed orthodontic treatment on this group. This study aimed to assess the impact of fixed orthodontic treatment on OHRQoL and self-esteem in adult orthodontic patients.
Subjects and methods

Subjects
This study utilized a prospective design, for which ethical approval and written informed consent was obtained, in which adult patients undergoing treatment were observed during the course of treatment for changes in quality of life and self-esteem. All subjects, aged 18 years and above, who fulfilled the selection criteria were recruited from four specialist practices across the southeast of England: literate and fluent in English and adult patients who were due to receive active fixed labial orthodontic treatment alone to correct their malocclusion. Subjects were excluded on the basis of: a history of or concomitant organic or psychiatric disease; previous orthodontic treatment or orthognathic surgery; presence of caries, periodontal disease, or recent dental treatment; the presence of a craniofacial deformity.
A sample size calculation was carried out using data of a study investigating the effects of orthodontic treatment on quality of life (12) . Prior data indicated that patients undergoing treatment suffered deterioration in OHRQoL at 6 months into treatment, with an observed increase in summary score from 23.0 to 29.3. Therefore, it was estimated that a sample size of 48 subjects was needed to demonstrate a significant change in OHRQoL, with an 80 per cent probability power at the 5% level of significance. The sample size was inflated by a 10% margin to allow for loss to follow-up and drop outs; thus, the total sample size was a minimum of 52.
Methods
Subjects were assessed in relation to following criteria at baseline (T0). Presenting occlusion using the Dental Health Component (DHC) of the IOTN (8) was assessed by calibrated examiners. This was to identify the need for orthodontic treatment thresholds in relation to the severity of malocclusion, from no need (grades 1 and 2), borderline need (grade 3), and definite need (grades 4 and 5) (8).
Socioeconomic status. A validated questionnaire in which demographic data and occupational and educational status of subjects is gathered as an indicator of socioeconomic status was used (13) . The registrar general's classification of occupations was used to allocate social class (groups I-V) based on the subject's occupation: I. Professional occupations, e.g. doctors, lawyers. II. Managerial and lower professional occupations, e.g. managers, teachers. IIIN. Non-manual skilled occupations, e.g. office workers. IIIM. Manual skilled occupations, e.g. bricklayers, coal miners. IV. Semi-skilled occupations, e.g. postal workers. V. Unskilled occupations-e.g. porters, dustmen.
The Rosenberg Self-esteem scale (14) assessed the psychological influences of malocclusion and orthodontic treatment. This scale has proven reliability and validity for the general population and orthodontic patients (15) . The scale consists of 10 questions: 5 positive and 5 negative and uses a Likert scale, in which the responses for positive and negative questions are weighted differently, by a four-point scale, ranging from 'strongly agree; agree; disagree and strongly disagree'. The scale ranges from 0 to 30, with scores of 15-25 indicating a normal self-esteem and scores of less than 15 indicating a low self-esteem.
Oral Health Impact Profile. Several instruments of measure have been designed to assess dental outcomes, in terms of the impact on quality of life of changes in oral health (16) . The OHIP and its short form (OHIP-14) are widely used. The OHIP-14 has seven conceptualized domains (two items per domain): functional limitation, physical pain, psychological discomfort, physical disability, psychological disability, social disability, and handicap. In which, respondents are asked to rate how frequently they experienced an oral health impact (as described by each item). In turn, the response to each item is scored on a five-point Likert scale: 0, never; 1, hardly ever; 2, occasionally; 3, fairly often; and 4, very often or every day. Thus, summary OHIP-14 scores can range from 0 to 56, and domain scores can range from 0 to 8 (16, 17) . A high total value indicates a high negative impact on the OHRQoL.
Patients were invited to complete both the Rosenberg Selfesteem scale and OHIP-14 questionnaires at their 1-(T1), 3-(T2) and 6-months (T3) and post-treatment (T4) follow-up appointments:
Statistical analysis
Data analysis was performed using the Statistical Package for the Social Science software (SPSS), version 17.0 (New York, USA), with statistical significance set at P < 0.05. A summary of baseline characteristics of participants in the study was performed. Non-parametric tests, including the Pearson chi-squared test and the Wilcoxon signed rank test were applied to assess the level of significance of change during the course of treatment. Table 1 summarizes the sociodemographic characteristics. In total, 61 adult patients, from four specialist orthodontic practices, were recruited to the study. A higher ratio of females was observed, with a mean age of 41.2 years. The majority of patients were White British (86.9%), single (31.1%), in their first marriage (39.3%) and with secondary school education, with O levels or above. Most patients were in full-time employment (54.1%). All subjects demonstrated either borderline (n = 36) or definite treatment need (n = 25), as evaluated by the DHC of the IOTN (8).
Results
Baseline characteristics
Impact of orthodontic treatment on quality of life and self-esteem Table 2 shows the descriptive statistics of the summary OHIP-14 scores at T0, T1, T2, T3, and post-treatment (T4). The Wilcoxon signed rank test was used to evaluate the change in OHRQoL as assessed by OHIP-14 scores between T0 and follow-up (T1-T4). The results show a statistically significant difference in quality of life scores between T0 and T1, with an increase in the overall OHIP score to 16.0 (P = 0.001); T0 and T2, with an increase in the overall OHIP score to 12.5 (P = 0.020). Statistically significant changes were observed among five of the seven domain scores (except for the handicap and physical disability domains). Thus, functional limitation, physical pain, psychological discomfort, psychological disability, and social disability demonstrated a significant (P < 0.05) negative impact. Whilst a deterioration in summary score (12.5) remained at 6 months, this was no longer significant (P = 0.078). This trend in overall OHIP-14 improvement continued with a return to the pre-treatment (T0) score at the end of treatment (T4; P = 0.565). Hence, there appeared to be a negative impact of fixed orthodontic therapy during the first 3 months on the overall OHRQoL with a gradual observed return at 6 months and complete return at the end of treatment where OHRQoL improved to pretreatment scores. Table 3 shows the descriptive statistics of the overall self-esteem scores at baseline and follow-up (T1-T3). The Wilcoxon signed rank test was used to evaluate the change in self-esteem scores between T0 and T4. No statistical difference was observed between T0 and T3, but a significant difference in self-esteem scores was detected between baseline (T0) and end of treatment (T4; P = 0.002).
Discussion
This study adopted a prospective cohort design aimed to investigate the impact of fixed orthodontic treatment on their OHRQoL and self-esteem.
Baseline characteristics
The present study sample revealed that the majority of the participants were female (78%). Shaw (18) demonstrated that females were more dissatisfied with the appearance of their dentition and perceived a need for braces more often than males. The subjects demonstrated either borderline or definite treatment need, as evaluated by the DHC of the IOTN (8) . No statistically significant differences were detected between the IOTN and social class. Shaw et al. (15) in a comparative study of 150 subjects that received orthodontic treatment and a control group of 181 subjects demonstrated there was no difference in social class between the groups. Wilcoxon signed rank test was used to evaluate the change (P value) in OHIP-14 scores between T0 and follow-up (T1-T4). Table 3 . Descriptive and comparative statistics of the overall selfesteem scores in the test group at baseline (T0), 1-(T1), 3-(T2), and 6-months (T3) and post-treatment (T4; n = 61) Wilcoxon signed rank test was used to evaluate the change (P value) in selfesteem scores between T0 and follow-up (T1-T4).
Impact of orthodontic treatment on quality of life and self-esteem
It is worth noting that malocclusion perception differs between professionals and patients and that self-perceived OHRQoL is not always a reflection of malocclusion severity (12) . Subjects with severe malocclusions may not report a negative impact on quality of life, whereas others with minor irregularity report high negative impacts on quality of life (6, 12, 19) . Therefore, the application of patient-centred measures such as OHRQoL and self-esteem assessments in orthodontics are imperative to the study of treatment needs, outcome, and managing patient expectations. Previous research supports the finding of an association between malocclusion and psychological discomfort (3, 19, 20) . Quality of life is a multidimensional concept that includes subjectively perceived physical, psychological, and social functions, as well as a sense of subjective well-being. The current findings may reflect the fact that these patients were actively seeking orthodontic treatment for malocclusion of sufficient severity, as confirmed by the clinician's evaluation of their DHC of IOTN, which as a consequence resulted in a poorer OHRQoL. The results from the current study showed that there appeared to be a significant negative impact of fixed orthodontic therapy on the overall OHRQoL during the first 3 months of treatment, with OHRQoL returning to pre-treatment scores at the end of treatment. Fixed orthodontic treatment initially worsened the patient's overall OHRQoL, which was emphasized by the statistically significant deterioration of the overall OHIP score at T1 (16.0) and T2 (12.5) compared with baseline (T0; 10.0) scores. Certain aspects of a patient's daily activities appeared to be affected by the treatment that had a negative impact on the overall OHRQoL. Most notably, during these first 6 months, statistically significant changes were observed among five of the seven domain scores (except for the handicap and physical disability domains). Thus, functional limitation, physical pain, psychological discomfort, psychological disability, and social disability all demonstrated a significant negative impact. This information could be useful to further inform patients of the likely impact of orthodontic treatment to their lives and in particular during the first 3 months and thus helping to not only manage their expectations but also adaptation. This is important to enable them to provide informed consent. Similar results were reported by Liu et al. (12) , who found in the early phase of fixed orthodontic treatment, the greatest deterioration in OHRQoL occurred, but with ongoing treatment, the detrimental effects in OHRQOL were reduced. In comparison, Chen et al. (21) and Palomares et al. (7) found patients' OHRQoL was better after orthodontic treatment than before or during treatment. Adults who had completed orthodontic treatment and were in the retention phase of treatment were found to have better OHRQoL than the non-treated subjects who were waiting for treatment (7) .
The overall self-esteem appeared high among the group, and therefore its impact on malocclusion was unlikely to be detected. The present finding has been supported by a number of studies confirming the presence of a dentofacial deformity and does not necessarily result in lower self-esteem (22) (23) (24) . This in turn, may reflect the fact that self-esteem, itself, is a complex area that may not be influenced by malocclusion alone. In contrast, Albino et al. (25) reported that subjects who were satisfied with their faces, as opposed to their teeth alone, appeared to be more self-confident and have higher self-esteem than those who were dissatisfied. The results from the current study found there was no statistically significant difference in self-esteem scores during orthodontic treatment. However, a significant difference was detected between the start and end of treatment. These results are in contrast to the findings from a longitudinal study on adult orthodontic patients in which orthodontic treatment was not found to affect self-esteem (15) , but in agreement with the findings of Pabari et al. (26) . The latter study found there was a statistically significant difference between the stage of treatment and the self-esteem score, with the post-treatment patients having higher self-esteem than the pre-treatment and in-treatment groups. These results may be interpreted by the fact that self-esteem is not simply influenced by a single factor, and it is rather a very complex area that may fluctuate remarkably at different stages of life. Self-esteem is influenced by many factors such as body image, facial image, stage of anxiety and depression, and social acceptance; therefore, the interaction with orthodontic treatment may be variable. The findings of the present study suggest that orthodontic treatment might impart psychological benefits to adult patients.
Limitations of the study
Both OHRQoL and self-esteem are subjective evaluations of a patient's own experiences and perceptions. Nevertheless, there is an increasing acceptance of the importance of evaluating patientcentred measures as a means of improving our understanding of treatment effect and value. Despite the fact that statistically significant changes were observed in patients in relation to both the patient's presenting malocclusion and in response to treatment, the exact clinical level of importance of these findings remains to be determined. Within the field of dentistry and specifically orthodontics, this concept remains relatively 'new' and with the emergence of such evidence our interpretation and understanding will both improve and more importantly translate to better informed consent and potentially more successful treatment outcomes.
Conclusions
Undergoing fixed orthodontic therapy appeared to have a more negative impact on the overall OHRQoL during the first 3 months of treatment, which then improved to pre-treatment scores. In contrast, a significant improvement was detected in self-esteem.
